Abstract: Bidomain simulations of the heart need validated parameters to produce realistic data. Therefore, it is necessary to develop methods to estimate reliable values for these parameters. We developed an approach to deliver such values by designing an in-silico model of intracellular electrical conduction based on confocal microscopic data of rabbit ventricular tissue. High resolution image data were used to determine the anisotropy of electrical conductivity in the myocardium, which is highly dependent on the specific tissue geometry. Gap junction protein connexin43 and extracellular space were labeled with fluorescent dyes of different spectra. The myocytes were segmented and the gap junction density in-between myocytes was extracted. Assuming conductivities for intracellular liquid and gap junction resistance, a numerical field calculation was performed for three principal directions in order to extract intracellular conductivity tensors. We calculated 9 tensors by varying the assumed conductivities by ±50%. We estimated the intracellular conductivities for the three principal directions σ i,x = 0.0653 S/m, σ i,y = 0.0042 S/m and σ i,z = 0.0033 S/m, respectively. The estimated conductivity values were realistic regarding the electrical anisotropy but need to be improved to fit other experimental data.
Introduction
Simulations of the heart are a comprehensive tool to improve the understanding of its physiological processes and make quantitative analysis possible. The bidomain model is extensively used to generate numerical simulations of cardiac tissue. In this model, the intra-and extracellular space are modeled separately by using different sets of mathematical equations for the two domains. As a basis, electrical properties of the tissue, such as the intra-and extracellular conductivity, are required to parameterize these equations. However, measurements of tissue conductivity are difficult to conduct in living tissue. There are, however, conductivity values often cited in the literature, but those values available show a considerable variation. Bidomain simulations are highly sensitive to these parameters. Therefore, it is necessary to develop different approaches to estimate intra-and extracellular conductivity.
Methods
Confocal microscopy data, provided from a previous work [1] , was given as an equidistant lattice. Extracellular space was fluorescently labeled with wheat-germagglutinin (WGA) and the gap junctions (GJ) were labeled with connexin43 (Cx43). The voxel size was 200 nm × 200 nm × 200 nm. Image enhancement methods were used to optimize visibility for the manual segmentation. The segmentation of the intracellular space was refined and GJ signals were projected into the space between the segmented cells. The processed three-dimensional image data of the tissue was used to estimate the intracellular conductivity in three principal directions by assuming different conductivities of the intracellular space and the projected GJ. Image Processing: The image data was pre-processed by removing the background intensity, correcting the depthdependent attenuation and deconvolving the image [1] . By manually reforming a triangular surface mesh, myocytes visible in the microscopic image data were manually segmented. The final segmentations of 56 cells were refined by an image processing pipeline especially designed for this purpose [2] . Several masked dilations and erosions were used to combine the information given by the combination of the WGA-and Cx43-signal. The cells were adjoined in proximity to the GJ [3] . A onevoxel border was inserted between the cells. The gradient of a distance map of the one-voxel border was used to iteratively project the GJ into the border. As a result, coupling regions with a maximum thickness of one voxel were represented by the projected Cx43-signal. The signal intensity of each voxel served as a weighting factor for the assumed conductivity of the GJ used for the field calculation. Field Calculation: We assumed homogeneous conductivities of intracellular fluid σ i,hom = 0.23 S/m and GJ σ gj,hom = I · 0.0014 S/m as the initial parameters, with I being the weighting factor resulting from the projected Cx43-signal intensity. These were literature values used previously [4] . An electrical field was simulated by defining electrical potentials in the intracellular compartment at opposite sides of the lattice for each prinicipal direction, respectively (see fig. 1 ). Poisson's equation for stationary electrical fields could then be solved, with Dirichlet boundaries implied by the defined potentials, using the finite difference method to discretize the problem. A matrix A with the linear equations that approximated the system of partial differential equations was created. The numerical solution was computed using the preconditioned conjugate gradient iterative method [5] . As a break point of the iterative solving process, a minimal residual tolerance was predetermined to R tol = 10 −5 . The solution vector was converted into a lattice with the same dimensions as the geometrical segmentation data. The lattice described the potential distribution throughout the modeled tissue. With J dir,k = σ k · E dir,k , the electric field for the respective direction in every voxel E dir,k and the assumed conductivity of every voxel σ k was used to generate a lattice containing the current density distribution J dir,k , as visualized in fig. 1 . For each direction, the average value of the current density J dir was calculated and used to estimate the bidomain conductivity tensor with the relation
Results 56 cells were created using the manual segmentation method and were refined, resulting in a homogeneous block of segmented cells, shown representatively in fig. 2 . 
Discussion
The results obtained by this work show, that it is possible to estimate the intracellular conductivity of cardiac tissue with confocal microscopy image data as a basis. The comparably high anisotropies of the longitudinal and transversal directions agree with experimental findings, that the longitudinal conductivity is considerably higher than the transversal conductivity. This is mainly a result of end-to-end cell coupling and cell geometry. The explicit estimated values of the intracellular conductivity are low compared to other published values [4] . This is due to the assumed conductivities of the intracellular fluid and GJ, which are hard to estimate and thus were only educated guesses in this work.
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